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During t h e  l a s t  half-year, progress  has been made in 

three separate areas: 

I) the o p t i c a l  constants,  namely the  index of 

r e f r a c t i o n  n and the e x t i n c t i o n  c o e f f i c i e n t  k, were obtained 

f o r  many s e p a r a t e l y  deposi ted barium s u r f a c e s  and two silver 

surfaces ,  a l l  maintained i n  a vacuum of about 5 x loo1' t o r r ;  

11) the g raz ing  incidence monochromator has provided 

f i n a l  measurements of grating e f f i c i e n c i e s  down t o  150 8; and 

111) o p t i c a l  cons tan ts  of surfaces and t h i n  f i l m s  

maintained i n  conventional vacua of  loo5 t o r r  and raeasured 

a t  grazing incidence down t o  150 8. 
The fol lowing will provide i n  somewhat greater de ta i l  

the progress made i n  t h e  above three areas. 

I. VACUUM ULTRAVIOLET PHOTON INTERACTIONS WITH SURFACES 

MIhINTAINED IN AN ULTRAHIGH VACWM 

During the  summer of 1965 a large nwnber of Ba surfaces 

have been evaporated and maintained under condi t ions  of  an 

ul t rahigh vacuum of about 3 x 

su r faces ,  r e f l e c t a n c e  measurements were made i n  t h e  wavelength 

range between 1450 a and 3000 8. 
r a d i a t i o n  was provided by a near-normal incidemrnonochromator 

t o r r .  For each of t h e s e  

As prev ious ly  described, t h i s  
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opera t ing  under condi t ions  of ord inary  high vacua, of the  

order  of loD5 t o  loo6 t o r r ,  The ord inary  monochromator 

vacuum was separated from t h e  u l t r a h i g h  vacuum by sapphi re  

windows. 

i n  t h e  range ind ica t ed  above were obtained a t  two angles  of 

incidence upon the freshly d i s t i l l e d  Ba sur face :  17.s0 and 

7'2'. 

r a t e l y  measured Ba surfaces i nd ica t ed  c l e a r l y  which of these 

su r faces  were l e a s t  contaminated. I n  addi t ion ,  t h i s  work 

brought out  the f a c t  t h a t  a newly evaporated s u r f a c e  would g i v e  

Reflectance measurements a s  a func t ion  of wavelength 

The t r end  of the r e s u l t s  fop t h i s  l a r g e  number of sepa- 

best results i f  

a )  t h e  substrate was g las s ,  no t  h igh ly  pol ished s t a i n -  

less steel, 

b) if t he  previous film was removed before  the d e p o s i t  

of a new one. 

The results have been w r i t t e n  up i n  d e t a i l  i n  a tech- 

n i c a l  r e p o r t  which w i l l  be ready for d i s t r i b u t i o n  i n  about f o u r  

weeks from the data o f  t h i s  s t a t u s  repor t .  For  t h i s  reason, i t  

w i l l  not  be necessary t o  include the de ta i l s  of t h i s  i n v e s t i -  

gation here, 

I n  addi t ion ,  a paper has  been w r i t t e n  on the o p t i c a l  

cons t an t s  of Ba and w i l l  be submitted t o  the  Ed i to r  of the  

Jou rna l  of t h e  Opt ica l  Soc ie ty  of America wi th in  one or two days. 

I n  order t o  provide a check on t h e  new o p t i c a l  cons tan ts  

of  Ba and the  techniques employed i n  obta in ing  them, i t  was 

f e l t  worthwhile t o  i n v e s t i g a t e  i n  our apparatus Ag, a substance 

for which a great deal of l i t e r a t u r e  data i s  ava i l ab le .  

s i l ve r  results checked a c c u r a t e l y  and c l o s e l y  t h e  b e s t  o p t i c a l  

The 
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cons tan ts  f o r  t h i s  material repor ted  elsewhere, which further 

i n c r e a s e s  our f a i t h  i n  the Ba r e s u l t s ,  The s i l v e r  data w i l l  

no t  be repor ted  i n  d e t a i l  i n  the paper submitted for publica- 

t i o n ,  However, they  w i l l  be part o f  t h e  t e c h n i c a l  r epor t  

referred t o  above. 

Both t h e  r ecen t  results on Ba and on silver have been 

reported in a cont r ibu ted  paper a t  t h e  Meetings of t h e  American 

Physical  Soc ie ty  a t  t h e  Univers i ty  of C a l i f o r n i a  a t  Los Angeles, 

December 21-23, 1965, and a r e  l i s t e d  as a r e fe rence  a t  t h e  end 

of t h i s  r epor t .  

1) Combination of u l t r a v i o l e t  vacuum re f lec tometer  and 

u l t r ah iRh  vacuum monochromator windows. 

As has been descr ibed in some d e t a i l  i n  earlier status 

reports, i t  i s  e s s e n t i a l  t o  i n v e s t i g a t e  t h e  o p t i c a l  cons tan ts  

of su r f aces  a t  s h o r t e r  wavelengths than those t r ansmi t t ed  by 

sapphi re  windows, I n  o rde r  t o  achieve tha t ,  the present  

r e f l e c t m e t e r  chamber ( i n  which tb Ba and s i l v e r  r e s u l t s  have 

been obtained)  w i l l  be converted i n t o  an u l t rah igh  vacuum 

monochromator, This i n  turn w i l l  be o p t i c a l l y  coupled t o  a 

new t i i t r ah igh  vacuum ref lec tometer  chamber. 

t h i s  new r e f l ec tomete r  chamber has been f in i shed ,  but there 

a r e  still some minor leaks In it, as i nd ica t ed  on the most 

s e n s i t i v e  s c a l e  of a helium mass spectrometer lead detector. 

Th i s  new reflectometer chamber r equ i r e s  a s e p a r a t e  bake-out 

oven, which has been designed and i s  now being constructed i n  

the USC Physics Shop. 

organic  materials reaching t h e  chamber, it is being  pumped ou t  

Construction o f  - 

I n  order t o  avoid any p o s s i b i l i t y  of 
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t o  fore-vacuum pressures  by l iqu id  nitrogen-cooled z e o l i t e  

s o r p t i o n  pumps. 

range w i l l  be achieved by a 400 l/sec i o n  pump. The mechanical 

cons t ruc t ion  of b o t h  t h e  fore vacuum and u l t r a h i g h  vacuum pump- 

ing l i n e s  has been completed. 

opera t iona l ,  it is planned t o  depos i t  var ious  metal su r faces  

under condi t ions  of' u l t r a h i g h  vacua i n  t h i s  chamber i n  order  

t o  determine the  best techniques f o r  genera t ing  surfaces of 

highest  p u r i t y ,  Such techniques may involve evaporat ion by 

use of e l e c t r o n  beams i n  con t r ac t  t o  the  p re sen t  methods, i n  

which Ba i n  evaporated from heated tungsten c o i l s  or boa ts ,  

The final ultrahigh vacuum i n  t h e  10 -10 t o r r  

After the bake-out oven becomes 

11. GRAZING EFFICIENCIES DOWN TO 150 8 

Final data have been obtained on the  e f f i c i e n c i e s  of 

seven g r a t i n g s  measured down t o  grazing incidence angles  and 

down t o  150 9, 
Bausch and Lomb r e p l i c a  g r a t i n g s  w i t h  var ious  su r faces  ( p l a t i -  

num, gold, and aluminum). The b l a z e  angle involved va r i ed  

between 1' and 2&O. 

( l i g h t l y  ruled on a glass mir ro r )  were also tested. 

up  of t h i s  r e sea rch  has been completed and w i l l  be submitted 

w i t h i n  one or two days t o  the Edi to r  of t h e  Journal  "Science 

of Light," Tokyo. Professor  M. Seya of Tokyo, has informed 

me i n  private communication t h a t  he and Professor  Namioka have 

w r i t t e n  a t h e o r e t i c a l  a n a l y s i s  paper on g r a t i n g  e f f i c i e n c i e s  

i n  t h e  extreme vacuum u l t r a v i o l e t  region of t h e  spectrum. 

Both his t h e o r e t i c a l  a r t i c l e  and ours  on t h e  experimental  

These g r a t i n g s  r ep resen t  carefUly-blazed 

In  addi t ion ,  t w o  Siegbahn-type g r a t i n g s  

The w r i t e -  



g r a t i n g  e f f i c i e n c i e s  w i l l  hopeful ly  appear i n  t h e  same i s s u e  of 

t h e  above referenced journal ,  If t i m e  i s  ava i l ab le ,  a t e c h n i c a l  

r e p o r t  will be Issued, dupl ica t ing  the paper, 

111. OPTICAL CONSTANTS OF SURFACES AND THIN FILMS MAINTAINED 

IN CONVENTIONAL VACUA OF 10-5 TORR AND MEASURED AT GRAZING 

INCIDENCE DOWN TO 150 8 

Again, ea r l ie r  r epor t s  have descr ibed  a separate program 

i n  which, under condi t ions  o f  conventional vacua of locs t o r r ,  

t he  o p t i c a l  cons tan ts  w i l l  be measured s imultaneously wi th  t h e  

pho toe lec t r i c  y i e l d s  and wi th  t h e  energy d i s t r i b u t i o n  of the 

emit ted photoelectrons.  I n  b r i e f ,  se l f - suppor t ing  t h i n  f i l m s  

w i l l  be employed as t a r g e t  materials. The o p t i c a l  cons tan ts ,  

r e f l e c t a n c e  and t ransmit tance,  can be determined for t h e s e  f i l m s ,  

If t h e  photon flux emerging from t h e  ex i t  s l i t  of the g raz ing  

incidence Vodar monochromator i s  known, then t h e  number of 

photons absorbed i n  the t h i n  f i l m  can be c a l c u l a t e d  and r e l a t e d  

t o  t h e  t o t a l  number of photoelectrons emit ted from both  sides of 

t h e  film. 

One of t h e  d i f f i c u l t i e s  a t  the s h o r t  wavelengths is  t h e  

de te rmina t ion  of t h e  abso lu t e  photon f lux i n  u n i t s  of  photons 

per second, This r e q u i r e s  very high i n t e n s i t y  l i g h t  sources and 

s p e c i a l  d e t e c t i o n  techniques. Our development i n  both areas has 

been repor ted  

ence on "Optical  and Spectroscopic Instrumentat ion" i n  Tokya 

and Kyoto, September 1 t o  8, 1964. T h i s  material has a l s o  been 

publ ished i n  t h e  Japanese Journal of Applied Optics  and is 

i n  an  i n v i t e d  paper a t  the I n t e r n a t i o n a l  Confer- 
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referenced a t  t h e  end of t h i s  repor t .  

Zn addi t ion ,  preliminary results of photoyields  f r o m  

t h i n  f i l m s  have been measured and repor ted  as a cont r ibu ted  

paper t o  t h e  Univers i ty  of Ca l i fo rn ia  a t  Los Angelea Meetings 

of t h e  American Physical Society,  December 21-23, 1965. T h i s  

i a  a l s o  referenced a t  the end of t h e  repor t .  

I V .  MOVE OF RESEARCH FACILITIES INTO NEW PHYSICS BUILDING 

A t  t he  time of t h i s  w r i t i n g  t h e  move of t h e  e x i s t i n g  

r e sea rch  equipment i n t o  a new building, S t a u f f e r  H a l l ,  has 

been nearly completed. The word 'completed' here is meant t o  

i n d i c a t e  t h a t  t he  apparatus  i s  now a t  i t s  new loca t ion .  However, 

a tremendous amount of work i s  requi red  i n  order  t o  reconnect 

a l l  experiments and have t h e  apparatus  begin t o  func t ion  so t h a t  

new results can be obtained, Some of t h i s  w i l l  go f a s t e r  than  

o thers .  Nevertheless,  it is hoped t h a t  a l l  of i t  w i l l  be opera- 

t i o n a l  by the beginning of summer, 1966. 

V. PROPOSED RESEARCH DURING THE FORTHCOMING SIX-MONTH PERIOD 

1) The o p t i c a l  cons tan ts  of u l t r a h i g h  vacuum deposi ted 

su r faces  between 1500 and 3000 8. 

I n i t i a l l y  i t  is planned t o  fol low t h e  procedures esta- 

blished f o r  Ba ( a s  ou t l ined  above) f o r  t h e  following materials: 

Lithium, 8.1 e V  energy loss, 
Sodium, 6.0 e V  energy loss, 
Potassium, 4.4 eV energy l o s s ,  
Rubidium, 4.0 e V  energy loss, 
Caesium, 3.6 e V  energy loss. 
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Some of t h e s e  ma te r i a l s ,  p a r t i c u l a r l y  l i t h ium,  may exhibi t  t oo  

high a chemical r e a c t i v i t y ,  even under condi t ions  of  u l t r a h i g h  

vacua, t o  warrant  ex tens ive  i n v e s t i g a t i o n s .  However, one o r  two 

of t hese  metals should lend themaelves t o  t h e  type of experiment 

descr ibed f o r  Ba. Th i s  procedure w i l l  not only ob ta in  new re- 

sults on 8ome new elements, but it w i l l  a l s o  s e r v e  a8 a t e s t  

that  our appara tus  i s  func t ioning  proper ly  i n  i t s  new l o c a t i o n ,  

As soon as  w e  can be assured of t h i s ,  t he  following new experi- 

ments w i l l  be i n i t i a t e d ,  

2) Combination of u l t r a h i g h  vacuum monochromator and 

re f lec tometer  ~ w i w  sapphire windows. 

It is hoped t h a t  t h e  coupling o f  t h e s e  two instruments  

w i l l  be i n i t i a t e d  sometime a t  the end of the  summer of 1966 o r  

during the f a l l  of 1966, 

t o  determine t h e  o p t i c a l  cons tan ts  down t o  a wavelengthof about 

800 a o r  perhaps even 600 8, 

This arrangement w i l l  make it  poss ib l e  

This s h o r t  wavelength region I s  of 

p a r t i c u l a r  s ign i f i cance ,  s ince  the plasma f requencies  of most 

metals (wi th  t h e  exception o f  t h e  a l k a l i e s  mentioned above) l i e  

i n  this part of  t h e  vacuum uv spectrum. 

done on t h e  o p t i c a l  constants  i n  t h i s  wavelength r eg ion  under 

ultrahigh vacuum condi t ions,  We look forward w i t h  g r e a t  a n t i -  

c i p a t i o n  t o  explor ing t h i s  v i r g i n  f i e l d .  

No work has a s  yet been 

3 )  Opt ica l  constants ,  photo yields, and photoelectron 

energy d i s t r i b u t i o n  down t o  150 8. 

As soon as t h e  apparatus  becomes func t iona l  aga in  i n  i t s  

new l o c a t i o n ,  t h i s  work will be continued along the  l i n e s  
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descr ibed above. I n  addi t ion ,  it i s  hoped t o  manufacture i n  

our l a b o r a t o r y  some single crystal t h i n  f i l m s  i n  order  t o  re- 

l a t e  t h e  d i r e c t i o n  of t h e  emit ted photoelectrons with the cry- 

s t a l  s t r u c t u r e  and w i t h  t h e  plane of p o l a r l z a t i o n  of the  e l ec -  

t r i c  vec to r  of t h e  r a d i a t i o n  i n c i d e n t  upon such  t h i n  f i l m s .  

F ina l ly ,  t h e  t h i n  f i l m  re f lec tometer  chamber will have 

coupled t o  it no t  only the Vodar graz ing  incidence monochroma- 

t o r  (75 8 t o  1000 21, b u t  w i l l  also be coupled t o  a Seya 

monochromator (300 1 t o  10,000 8 ) .  The u s e  of these  two mono- 

chromators i n  con junc t ion  w i t h  the same r e f l ec tomete r  chamber 

w i l l  make it  poss ib le  f o r  t h e  first time t o  measure on one and 

t h e  same t h i n  f i l m  t h e  fol lowing q u a n t i t i e s  n e a r l y  simultane- 

ously and over a range from 100 a t o  10,000 

120 eV and about 1 eV): 

(equiva len t  t o  

a. r e f l ec t ance ,  
b. t ransmit tance,  
c. pho toe lec t r i c  y ie ld ,  
d. photoelectron energy d i s t r i b u t i o n s ,  
e. p o l a r i z a t i o n  ( v e c t o r i a l )  e f f e c t a ,  
f .  c r y s t a l  structure of t h e  f i l m .  

It i s  hoped t h a t  work i n  t h i s  d i r e c t i o n  w i l l  get under 

way during t h e  next  r epor t  period. 
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